INTRODUCTION
The survival and transport of sperm cell populations in the reproductive tract of the estrous ewe are generally decreased after alteration of the estrous cycle. When exogenous progestogen was used to prolong the estrous cycle, the number of sperm cells in the oviducts 24 hr after insemination at the regulated estrus was drastically reduced (Quinlivan and Robinson, 1969; Hawk and Conley, 1972) . When prostaglandin was administered to luteal phase ewes to cause regression of corpora lutea and shorten the estrous cycle, the number of sperm cells in the oviducts 24 hr after mating at the induced estrus was much lower than normal (Hawk, 1973) . After the use of either prostaglandin or progestogen to regulate estrus, the number of sperm ceils in the anterior one-third of the cervix 2 hr after mating represented only a small fraction of the number found in the anterior cervix of untreated ewes (Hawk and Conley, 1975) .
Sperm populations in the reproductive tract might be affected by physiological changes in the ewe associated with altering the length of the estrous cycle. This experiment was conducted to determine whether sperm numbers in the cervix would be lower than normal 2 hr after mating when (1) prostaglandin was administered sufficiently late in the estrous cycle that the cycle was not shortened, and (2) when progestogen was administered so that the estrous cycle was not lengthened.
MATERIALS AND METHODS
Parous Rambouillet ewes, about 6 years of age, were checked for estrus twice daily by the 638 JOURNAL OF ANIMAL SCIENCE, Vol. 44, No. 4 (1977) use of vasectomized rams. The ewes were assigned randomly to control or treatment groups at an estrous period, treated during that estrous cycle, and mated during the estrus after treatment.
Prostaglandin-treated ewes (Groups 2 and 3, table 1; 12 ewes per group) were injected intramuscularly with 10 mg of prostaglandin F2~-THAM (PG) on day 10 or day 16 of the treatment estrous cycle (first day of estrus = day 0). Day 10 was chosen because PG would cause luteal regression and shorten the estrous cycle. Day 16 was chosen because corpora lutea would be expected to be nearly regressed, and neither the pattern of progesterone secretion nor the estrous cycle length would be expected to be changed substantially. Each ewe was given two injections, 3 hr apart, of 5 mg of PG in 2 ml of water. All 12 ewes given PG on day 10 were in estrus on day 12, and all 12 ewes given PG on day 16 were in estrus on day 17. Twelve control ewes (Group 1, table 1) were selected to be in estrus over the same time span that treated ewes were expected to be in estrus. The control ewes were injected intramuscularly with water on day 16 and were in estrus on day 17 or 18.
Progestogen-treated ewes were each given an intravaginal sponge impregnated with 60 mg of medroxyprogesterone acetate (6-methyl-17 acetoxyprogesterone; MAP) from day 6 to 14, day 6 to 22, or day 14 to 22 of the treatment cycle (Groups 2, 3 and 4, respectively, table 2; 12 ewes per group). Treatment from day 6 to 14 would not be expected to prolong the estrous cycle; treatment from day 6 to 22 would prolong the cycle; treatment from day 14 to 22 would prolong the cycle and serve as a control on the length of MAP treatment.
Immediately after the sponge was removed from each ewe, the vagina was flushed with 250 ml of saline solution (.9% NaC1) to remove any fluids and cellular debris that might contain MAP. Flushing the vagina at the time of sponge removal has reduced the time interval between sponge removal and estrus . All progestogen-treated ewes were in estrus either 2 or 3 days after the sponge was removed. Twelve control ewes (Group 1, table 2) were selected to be in estrus over the same time span as the treated ewes. The control ewes were not treated with sponges.
Within an hour after the ewes were detected in estrus, each ewe was mated once to each of two rams and necropsied 2 hr after mating. At the time of necropsy, no ewe had ovulated.
The oviducts, uterus and three segments of the cervix were flushed or washed with saline solution (.9% NaC1). The cervix was divided into the anterior one-third (proximal to the uterus), the middle one-third, and the posterior one-third (proximal to the vagina). Sperm cells in the flushings or washings were counted under a phase contrast microscope. Details of flushing the segments of the reproductive tract and counting sperm cells have been reported (Hawk and Conley, 1975) . The efficiency of sperm cell recovery from the various segments of the tract has averaged at least 98% (Hawk and Conley, 1975) .
Individual sperm cell counts were converted to log10 for statistical analysis. When no sperm ceils were found in the oviducts, uterus or anterior cervix (tables 1 and 2), the following numbers were used for statistical analysis: oviducts, 1.18; uterus, 2.49; anterior cervix, 2.70. These numbers are logarithms of 15, 310 and 500, respectively, which on the basis of the proportion of each sample that was actually scanned, represent half of the lowest number of sperm cells that would have been detectable.
Data were subjected to analysis of variance. Orthogonal comparisons were made so that in each experiment untreated control ewes were compared with all treated ewes. Then the treatment group under test (Group 3 in table 1  and Group 2 in table 2 ) was compared to the other treatment group (table 1) or groups (table  2) .
Exogenous progesterone given to ewes during the first few days after estrus shortens the estrous cycle (Woody et al., 1967) . Inserting MAP sponges into the vagina on day 6 of an estrous cycle was not expected to affect progesterone secretion or shorten the estrous cycle. To confirm the expectation, six ewes other than those in table 2 were treated with MAP sponges from day 6 to 14, and six ewes were assigned as untreated controls. Blood samples were collected on day 6, 9 or 10, 11 or 12 and 14, and serum was analyzed for progesterone concentratiorl by the method described by Cooper et al. (1975) . Cross-reactivity between MAP and progesterone in this assay was .0076%, indicating that MAP could account for only a negligible proportion of the progesterone measured in MAP-treated ewes.
RESULTS

Prostaglandin-Treated Ewes.
In the untreated control ewes (Group 1, table 1), the distribution of sperm cells through the reproductive tract was similar to that in untreated ewes necropsied 2 hr after mating in a previous experiment (Hawk and Conley, 1975) . Treating ewes with PG on day 10 of the estrous cycle (Group 2, table 1) caused a marked reduction in the number of sperm cells in each segment of the cervix. This effect of PG was similar to that reported previously (Hawk and Conley, 1975) .
The combined PG groups had significantly fewer sperm cells in the middle cervix and in the total cervix than did the untreated control ewes (table 1) . However, this difference was due almost entirely to the effect of PG on day 10. In the ewes treated with PG on day 16 (Group 3), the average number of sperm cells in each segment of the reproductive tract was similar to that for the untreated control ewes. Significantly more sperm cells were recovered from each segment of the cervix in the ewes treated on day 16 (Group 3) than in the ewes treated on day 10 (Group 2). Thus, when prostaglandin was administered on day 16 and the estrous cycle was not shortened, sperm numbers were not reduced.
The number of sperm cells in the uterus did not vary significantly among the three groups, and few sperm cells were found in the oviducts of ewes of any group.
MAP-Treated Ewes. Sperm cell distribution in the untreated control ewes (Group 1, table 2) was similar to that for the untreated ewes in the PG experiment (Group 1, table 1).
The combined groups of MAP-treated ewes had significantly fewer sperm cells in the anterior cervix and total cervix than did the control ewes (Group 1 vs Groups 2, 3 and 4, table 2). The difference between the combined groups of MAP-treated ewes and control ewes approached statistical significance for the middie cervix and for the posterior cervix (P = .07 for each segment). For the uterus and oviducts, the differences between the control and MAPtreated ewes were not significant. The reduction of sperm numbers in the anterior cervix by MAP treatment was similar to that reported previously in ewes necropsied 2 hr after mating (Hawk and Conley, 1975) .
Treating ewes with MAP sponges from day 6 to 14 (Group 2, table 2), so that the estrous cycle was not prolonged, did not prevent the reduction in sperm numbers in the cervix by MAP. In fact, numbers of sperm in the posterior cervix and total cervix of ewes in Group 2 were significantly lower than in other groups of MAP-treated ewes (table 2) . Thus, removing the MAP sponge on day 14 tended to intensify rather than overcome the reduction in sperm numbers in the cervix caused by MAP.
The ewes of Groups 3 and 4 (table 2), in which the MAP sponges were in place for 16 and 8 days, respectively, did not differ significantly in number of sperm cells in any segment of the reproductive tract. The planned comparisons precluded statistical comparisons of Group 3 (MAP for 16 days) with combined Groups 2 and 4 (MAP for 8 days); however, inspection of~ the data indicates that the 8-day treatment, regardless of the day of the estrous cycle that treatment began, caused a somewhat greater reduction in sperm numbers in the middle and posterior cervix than the 16-day treatment.
Progestogen treatment between 6 and 14 days of the estrous cycle might by itself prolong the cycle if the lifespan of corpora lutea in that group of ewes was shortened. Therefore, serum progesterone concentrations were monitored through the treatment period in six untreated control ewes and six ewes treated With MAP sponges from day 6 to 14. Progesterone concentrations for control and MAP-treated ewes, respectively, were as follows: On day 6, 1.8 -+ .3 and 1.9 -+ .3 ng per ml of serum; on days 9 or 10, 2.3 -+ .3 and 2.1 -+ .2; on days 11 or 12, 2.8 4-.2 and 2.3 4-.3;on day 14, 3.1 4-.4 and 3.3 -+ .3. The six control ewes had estrous cycles that averaged 17.0 days and the MAP-treated ewes, 16.8 days. In the ewes treated with MAP from day 6 to 14 in the main experiment (Group 2, table 2), the average cycle length was also 16.8 days. Thus, there was no evidence that the insertion of MAP sponges on day 6 affected progesterone secretion or lifespan of corpora lutea.
Discussion
The fact that PG injected on day 16 had no detrimental effect on sperm transport at the ensuing estrus suggests that the detrimental effect of PG on day 10 was due to some factor associated with shortening of the estrous cycle. A luteal phase of normal length may be required for the establishment of the bases for efficient sperm transport. Perhaps more likely is the possibility that the amounts and ratios of ovarian steroids influencing the reproductive tract during PG-induced luteolysis and the o ea -.~ ca ensuing estrus may differ from the amounts and ratios influencing the tract during natural luteolysis and estrus. Sperm transport in the ovariectomized ewe is known to be sensitive to amounts and ratios of ovarian steroidal hormones (Allison and Robison, 1972; Croker et al., 1975a) . The lowered fertility of ewes following regulation of estrus with a progestogen is due to failure in sperm transport and consequently to a reduced rate of ovum fertilization (Quinlivan and Robinson, 1969; Allison and Robinson, 1970) . Sperm transport problems in estrous ewes following progestogen treatment may have an endocrinological basis. In ewes treated with progesterone from day 10 to 23 of an estrous cycle, blood plasma estradiol concentrations were increased for several days after corpora lutea regressed on day 15 (Echternkamp et al., 1976) . Treating ewes with 25 #g of estradiol per day for 14 days preceding estrus inhibited sperm transport into the cervix during estrus (Croker et al., 1975b) . Also, sperm transport was inhibited in ewes grazing on forage containing high levels of plant estrogen (Lightfoot et al., 1967) . These results all point to the possibility that prolonged high levels of estrogen before estrus might be involved in sperm transport failures in progestogen-treated ewes. Perhaps also relevant is the fact that ewes in which the estrous cycle has been prolonged with relatively low amounts of progestogen have tended to have less efficient sperm transport and lower fertility at the ensuing estrus than ewes treated with larger amounts of progestogen (Robinson et al., 1968; Allison and Robinson, 1970; Holst and Moore, 1970) . "Progestogen insufficiency" and sperm transport failure seem to be related (Croker et al., 1975b) .
In the present study, a lowered progestational influence on the ewe after luteal regression, perhaps accompanied by increased estrogen secretion, could theoretically have inhibited sperm transport in the ewes given MAP from day 6 to 22 or day 14 to 22. However, ewes given MAP from day 6 to 14 (Group 2, table 2) had serum levels of endogenous progesterone that were normal throughout the luteal phase of the estrous cycle, and the MAP sponge, until its removal on day 14, was presumably releasing progestogen. Unless endogenous progesterone and the MAP interacted in a way that would cause a low level of progestational influence on the ewe, there was no reason to suspect that poor sperm transport in ewes given MAP from day 6 to 14 was caused either by progestogen deficiency or by prolonged high levels of estrogen.
Progestogen administration to ewes has caused either decreased (Smith and Aalison, 1971) or increased (Rexroad and Barb, 1977) production of cervical mucus during the ensuing estrus. Regulation of estrus by either progestogen or prostaglandin alters uterine contractions, both in vivo and in vitro, during the regulated estrus (Hawk, 1973; Hawk and Echternkamp, 1973; Hawk and Conley, 1974) . Either cervical mucus or contractions of the reproductive tract might act as mediators of decreased efficiency of sperm transport into the cervix.
